Methanococcus vannielii, have been isolated. The genes were named flpA (fibrillarin-like protein).
The domain Archaea is divided into two kingdoms, Crenarchaeota and Euryarchaeota (40) . The kingdom Euryarchaeota includes the groups of methanogens and extreme halophiles. The rRNA-encoding genes of the methanogens are mostly arranged as in the domain Bacteria, i.e., in 16S-23S-5S transcription units (10, 27) . Often a gene encoding an alanyl-tRNA occurs in the 16S-23S spacer region (1) . Methanobacterium thermoautotrophicum and Methanothermus fervidus contain, in addition, genes coding for 7S RNA and a seryl-tRNA at the 5' end of one rRNA operon (13, 25) . Other types of arrangements of archaeal operons are found in Thermoproteus tenax (19) , in which the operon lacks the genes for tRNA and 5S RNA, and Thermoplasma acidophilum, in which the genes are separately transcribed (26) . Furthermore, Desulfurococcus mobilis and Staphylothermus maninus contain introns within their 23S RNA genes (10, 18) .
In view of the fact that the archaeal rRNA genes are mostly cotranscribed, there must be processing steps for generating the mature rRNAs. Putative processing sites with stem-loop structures in the spacer areas have been discussed. An RNase with a bulge-helix-bulge endonuclease activity was found to be involved in pre-rRNA processing in the domain Archaea (7, 8, 22, 25, 34, 39) . Durovic et al. (9) recently observed a different pathway for 16S rRNA processing in Sulfolobus acidocaldarius, in which endonucleolytic cleavage is independent of the second half of the precursor processing stem. This type of processing does not require concomitant subunit assembly. Maturation of the 16S rRNA occurs with additional cleavage steps. This type of processing seems to be more related to U3 small nucleolar RNA (snoRNA)-mediated early processing within the external transcribed spacer of precursor rRNA in eucaryotic organisms (5, 17, 37) .
In the domain Eucarya, the rRNA genes are cotranscribed in 18S-5.8S-28S transcription units. One of the essential proteins involved in pre-rRNA processing in this domain is fibrillarin. Fibrillarin is localized in the dense fibrillar component of the nucleolus, in which the first processing steps for eucaryotic pre-rRNA occur (24, 30) . It was identified by a cross-reaction with an autoimmune antiserum from scleroderma patients (24) . Genes encoding fibrillarins from different organisms have been cloned and sequenced (3, 14, 21, 31) . They all carry glycine-and arginine-rich sequence repeats (GAR domain) at their amino termini. Similar domains also occur in other nucleolar proteins, e.g., nucleolin, GAR1, NSR1, and SSB1 (12, 16, 20, 23 (11) .
In Saccharomyces cerevisiae, the gene encoding fibrillarin is called NOPI. Its gene product is essential for cell growth and is associated with snoRNAs (14, 31) . NOPl-depleted strains show a strong reduction in the production of cytoplasmic ribosomes and in the synthesis of 18S rRNA relative to 25S rRNA (35) . Temperature-sensitive, conditional-lethal point mutations of yeast fibrillarin also reveal an involvement of the NOP1 gene product in the methylation of rRNA and ribosome assembly (36) .
The work presented here shows for the first time that genes encoding fibrillarin-like proteins occur in the domain Archaea.
Bacteria and cloning vectors. Methanococcus voltae PS (DSM 1537) and M. thermoautotrophicum Marburg (DSM 2133) were obtained from the German Collection of Microorganisms, Braunschweig, Germany. Methanococcus vannielii (DSM 1224) cells were obtained from A. Bock (Munich, Germany). pT7T3ot18, purchased from Gibco BRL (Eggenstein, Germany), was used to establish genomic libraries and subclones.
Methanogen cultures and DNA techniques. Culture conditions and DNA preparation have been described elsewhere (6, 33, 38) . DNA (Fig. 1) . This evidence strongly indicates the existence of a second fibrillarin-like proteinencoding gene in the genome of these organisms. Figure 2 shows the homologies between fibrillarins of humans, Xenopus laevis, and S. cerevisiae and the two derived fibrillarin-like proteins from M. voltae and M. vannielii. The deduced archaeal The archaeal proteins derived from the flpA gene show 35% identity with the human, Xenopus, and yeast fibrillarins. The GAR domain which is conserved in the fibrillarin genes of the domain Eucarya is missing. Thus, a role for the GAR domain in destabilizing RNA helices, which would be important for the general processing step in the domain Archaea, seems unlikely. The differences between the eucaryotic protein and the derived polypeptide sequences of the methanogenic members of the domain Archaea could be explained by the absence of cellular compartments in procaryotes. Sequences which are required for transport into or arrangement of eucaryotic fibrillarin in the nucleolus would not be expected to be conserved in archaeal proteins. Therefore, a role for the GAR domain in protein-protein interactions or nucleolar targeting would appear more probable.
S4 antiserum, which reacts with the Eucarya fibrillarin, does not react with the archaeal proteins (S4 autoimmune antiserum was a gift from G. Reimer) (data not shown) (24) . This result may be due to the absence of the GAR domain.
Sequence homologies between the eucaryotic fibrillarin and the methanogenic fibrillarin-like proteins derived from the fipA genes are distributed over the whole length of the proteins, strong evidence for the conservation of their function. Small RNAs comparable to snoRNAs have not yet been found in the domainArchaea. The U3 snoRNA has been found in all eucaryotic organisms examined. It was shown that the U3 snoRNA is involved in processing of the 5' external transcribed spacer of eucaryotic pre-rRNA. The results of Durovic et al. (9) , obtained with an in vitro processing system from the archaeon S. acidocaldanius, and the observation of fibrillarinlike proteins in the domain Archaea make an occurrence of a U3 snoRNA homolog probable. In view of the facts that archaeal proteins often are closely related to eucaryotic proteins and similarities in the arrangement of the operons and sequences of the rRNAs appear to be higher between the domains Archaea and Bacteria (15) , the question remains as to whether bacterium-and eucaryote-like pre-rRNA processing mechanisms coexist in the domain Archaea.
Nucleotide sequences and accession numbers. The DNA sequences have been deposited in the EMBL data library with the accession numbers X73987 for the M. vannielii fipA gene and X73988 for the M. voltae fipA gene. The GENMON program (Gesellschaft fur Biotechnologische Forschung, Braunschweig, Germany) was used for computer analysis of the sequences.
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